Deuterium desorption and reaction between deuterium and oxygen to water has been studied on ultrathin vanadium oxide structures prepared on Pd͑111͒. The palladium sample was part of a permeation source, thus enabling the supply of atomic deuterium to the sample surface via the bulk. Different vanadium oxide films have been prepared by e-beam evaporation in UHV under oxygen atmosphere. The structure of these films was determined using low energy electron diffraction and scanning tunneling microscopy. The mean translational energy of the desorption and reaction products has been measured with a time-of-flight spectrometer. The most stable phases for monolayer and submonolayer VO x are particular surface-V 2 O 3 and VO phases at 523 and 700 K, respectively. Thicker films grow in the form of bulk V 2 O 3 . The mean translational energy of the desorbing deuterium species corresponds in all cases to the thermalized value. Apparent deviations from this energy distribution could be attributed to different adsorption/desorption and/or accommodation behaviors of molecular deuterium from the gas phase on the individual vanadium oxide films. The water reaction product shows a slightly hyperthermal mean translational energy, suggesting that higher energetic permeating deuterium contributes with higher probability to the water formation.
I. INTRODUCTION
Many modern technologies take advantage of the specific physical and chemical properties of nanostructured surfaces. In particular, the catalytic activity of surfaces depends strongly on the chemical composition and the atomic scale structure of the surface. In this context ultrathin oxide films on metal supports have attracted considerable interest, because they represent a model system of an "inverse catalyst." Vanadium oxide nanostructures in the monolayer regime have recently been studied extensively because they form a variety of interesting nanostructures with varying oxidation states. [1] [2] [3] [4] [5] [6] [7] For the model systems VO x /Pd͑111͒ and VO x /Rh͑111͒ a number of experimental studies using low energy electron diffraction ͑LEED͒, scanning tunneling microscopy ͑STM͒, x-ray photoelectron spectroscopy ͑XPS͒, near-edge x-ray-absorption fine structure, and highresolution electron-energy-loss spectroscopy ͑HREELS͒ have been performed to reveal the electronic and geometric structures of the individual oxides. Density functional theory ͑DFT͒ calculations have been carried out in this context and a quite comprehensive understanding of the oxide structures is available.
5,6
Evaporation of 0.5 ML vanadium on a Pd͑111͒ surface at 523 K under oxygen pressure, typically 2 ϫ 10 −7 mbar, leads to a number of surface oxides with structures that are quite different from that of bulk vanadium oxides. The most frequently observed surface oxide shows a 2 ϫ 2 honeycomb structure. This structure has been identified by DFT calculations as a surface vanadium oxide ͑s-V 2 O 3 ͒ phase and consists of a layer of two V atoms per unit cell located in threefold palladium hollow sites and three oxygen atoms above V-V bridge sites.
5 Exposing this surface to further oxygen changes the LEED pattern to a 4 ϫ 4 structure. The structure of this phase has also been clarified by STM and DFT calculations and can be described by a surface oxide with V 5 O 14 stoichiometry. In this case the oxide layer is oxygen terminated at both the metal interface and the oxide surface and contains V atoms in tetrahedral O coordination. This layer is quite unstable and can easily be reduced to the so-called zigzag structure, as observed with STM. From DFT calculations a structure model for the zigzag phase is derived which contains V 6 O 14 units. 4 Further reduction by hydrogen yields again the stable 2 ϫ 2 s-V 2 O 3 phase. In the case of higher vanadium coverage ͑1 ML͒ other vanadium oxide surfaces can be produced. The observed "flower LEED pattern" can be ascribed to a structure of rotational domains of rectangular unit cells and the formal stoichiometry of this phase is VO 2 .
3 In addition, also a hexagonal oxide phase with formal VO 2 stoichiometry has been observed in the 1 ML range. For thicker oxide films ͑5 ML vanadium͒ a ͑ͱ3 ϫ ͱ 3͒R30°LEED pattern is found which can be described as being due to the ͑0001͒ face of the corundum V 2 O 3 bulk phase. 3 The reason for this LEED pattern is that the lattice mismatch between the V 2 O 3 bulk lattice and the ͱ3 direction of Pd͑111͒ is only a͒ Author to whom correspondence should be addressed. Fax: 43-316-873-8463. Electronic mail: a.winkler@tugraz.at THE JOURNAL OF CHEMICAL PHYSICS 125, 074703 ͑2006͒
